Primary central nervous system lymphoma (PCNSL) accounts for 3.3% of all brain tumors.[@ref1] Primary central nervous system lymphoma in immunocompetent patients is non-Hodgkin lymphomas of germinal B-cell origin in the vast majority of cases, which arise from the brain, spinal cord, cerebrospinal fluid (CSF), or eyes in the absence of systemic disease.[@ref1],[@ref2] Because of its ambiguous clinical manifestation, neuroradiographic, and CSF cytology, PCNSL can be easily misdiagnosed. Our objective in presenting this particular case is to highlight that PCNSL should be considered even when non-enhancing, diffuse lesions are seen on MRI.

Case Report {#sec1-2}
===========

A 48-year-old Chinese male with a history of hypersomnia for 4 months and a progressive dementia for 3 months was admitted to our hospital. This patient claimed that he had been in excellent health until 4 months before admission and experienced hypersomnia (10-12 hours/day), but with normal working and eating patterns. He reported a decline in hearing during the 2 months prior to his admission and he had got lost once during this period. However, he denied the history of fever and persistent weight loss, as well as the abnormal family's medical histories. On referral to that hospital, he was diagnosed as demyelination and treated with methylprednisolone (500 mg intravenous injection per day, for 3 days, but without any medications). After steroid treatment, his symptoms progressively worsened. He developed aphasia with the severely impaired memory and could not make out objects. He completely lost his hearing, and developed urinary and fecal incontinence 4 weeks after hospital admission.

On neurological examination, he was found to be apathetic with dementia, motor and sensory aphasia, as well as an inability to communicate. Fundoscopic examination of the eyes revealed the normal retinas and optic discs except the hearing loss of double ears. Muscular tension was normal and muscle strength was 5/5 in all extremities. Tendon reflexes were normal, bilateral Babinski signs were negative, and both Kernig's and Brudzinski's signs were negative. The patient was uncooperative during examinations of coordination and sensation. Markers of autoimmune diseases, such as antinuclear antibodies, extractable nuclear antigen, and antineutrophil cytoplasmic antibodies, were all negative. Serum lactate dehydrogenase was normal (206IU/L). Analyses of viral antibodies, syphilis serology, and human immunodeficiency virus antibodies was negative. Lumbar puncture showed a normal intracranial pressure (80 mm H~2~O). In the CSF findings, tumor cells, white, or red blood cells were not observed. The protein level was slightly elevated (59 mg/dL), however, chloride (118 mmol/L) and glucose (58 mg/dL) were normal. Magnetic resonance imaging of the brain revealed multiple lesions with hypersignals in the bilateral basal ganglia and brain stem in T2-weighted image (T2WI) and non-enhancement ([**Figure 1**](#F1){ref-type="fig"}).

![Magnetic resonance imaging of the brain showing: **A-C**) multiple lesions with hyposignals in the bilateral basal ganglia and brain stem in T1-weighted image (arrow). **D-F**) these lesions are non-enhancement in contrast image.](Neurosciences-20-380-g001){#F1}

The initial diagnosis was considered as idiopathic inflammatory demyelinating disease with methylprednisolone treatment. After one-month treatment with no signs of improvement, serial magnetic resonance (MR) scans revealed more lesions with hypersignals using fluid attenuated inversion recovery ([**Figure 2**](#F2){ref-type="fig"}). The lesions were detected in the bilateral medulla oblongata, pons, midbrain, thalamus, basal ganglia, corpus callosum, and temporal lobe, which were located in almost the entire brain. A gadolinium-based contrast image showed non-enhancement and positron emission tomography (PET) showed a low ^18^F-Fludeoxyglucose (^18^F-FDG)uptake in the affected brain, indicating demyelination ([**Figure 3**](#F3){ref-type="fig"}). Stereotactic biopsy of the right temporal lobe was performed and immunohistochemical analysis showed that the brain tissue was infiltrated with multiple foci of heterotypic cells withCD20 (+) and CD45RO (-) ([**Figure 4**](#F4){ref-type="fig"}), suggestive of non-Hodgkin malignant B-cell lymphoma. After obtaining these results, the patient was given radio-chemotherapy. Whole-brain radiation therapy (WBRT) started with 45 Gy and no boost. Methotrexate was used at a high dose (4g/m^2^) in chemotherapy cycles with a 3 weekly interval. After the sixth course of methotrexatecycle, external radiotherapy was applied to WBRT. Acute chemotherapy-related toxicities such as nausea and vomiting were observed and toxicity due to radiotherapy was only seen in dermal and mucosal tissue. All these side effects disappeared after symptomatic treatment. Six months after admission, he recovered and could hear some words with enough speech for simple communication, and he was also able to remember things to a certain extent. Magnetic resonance imaging of the brain showed that the lesions were decreased. Unfortunately, 25 months after first admission, he died of pulmonary infection. The family member gave consent to publish this case report.

![Serial MR scans showing: **A-F**) more lesions with hypersignals in fluid attenuated inversion recovery, **A**) the lesions involved the bilateral medulla oblongata, **B**) pons, **C**) midbrain, **D**) thalamus, **E**) basal ganglia, **D-F**) corpus callosum and temporal lobe involving almost the entire brain (arrows).](Neurosciences-20-380-g002){#F2}

![Positron emission tomography of the brain showing **A+B**) a low ^18^F-FDG uptake in the affected brain, indicating demyelination.](Neurosciences-20-380-g003){#F3}

![Pathology of the brain showing: **A**) Hematoxylin-eosin (HE) staining, **B**) immunohistochemistrystaining of the brain mass biopsy with the B-cell marker CD20 (+) (arrow), and **C**) immunohistochemistry staining of the brain mass biopsy with the T-cell marker CD45RO (-).](Neurosciences-20-380-g004){#F4}

Discussion {#sec1-3}
==========

Magnetic resonance imaging is considered to be the most useful imaging modality in the diagnosis of PCNSL as most lesions show a marked enhancement effect with contrast material. However, contrast-enhanced MRI do not always clearly differentiate PCNSL from other neoplasms (such as, metastases, malignant gliomas), or non-neoplastic diseases (such as, multiple sclerosis \[MS\], stroke).[@ref3] Positron emission tomography studies with FDG and ^11^C-methionine (MET) usually show strong accumulation of tracers in PCNSL and have been reported to be useful in distinguishing PCNSL from other lesions.[@ref4]

Nonenhancing PCNSL has been thought to be very rare.[@ref5] Terae and Ogata[@ref5] reported the first case of completely nonenhancing PCNSL on MRI (before the patient had received any treatment, including steroids). They suggested that lesions with relatively sparse infiltration of tumor cells did not enhance, presumably because the blood-brain barrier was intact.

Most PCNSL lesions affect the frontal lobe, the corpus callosum, and the basal ganglia.[@ref6] On pre-contrast MRI, PCNSL is known to appear as hypo- or iso-intense on a T1-weighted image (T1WI), and hyper- or iso-intense on the T2WI. In comparison, the enhancement after injection of gadopentetate dimeglumine is known to be variable[@ref7] and can even occur to a different degree within the same patient in multifocal disease. Single or multiple periventricular lesions with gadolinium enhancement are typical findings in immunocompetent patients, whereas ring enhancing lesions are only observed in immunocompromised patients.[@ref8] Zhang et al[@ref6] reported an 'open ring' and a 'notch sign' as enhancement patterns. Calcifications, cyst formations, and hemorrhage are rare findings, which might be indicative of other diseases.[@ref6] Kuker et al[@ref9] evaluated pre-treatment MRI scans in a cohort of 100 immunocompetent patients to delineate the characteristic presenting imaging features of PCNSL. In one patient, contrast enhancement was entirely absent, in spite of biopsy-proven B-cell lymphoma. The non-enhancement frequency in PCNSL seems to be less than 1%. The lesions of this patient are located around the ventricular system and this is typical characteristics of PCNSL. Some of the lesions in this patient are located in the gray matter, and MS is the disease that invades the white matter. Therefore, expert neurologists and radiologists could diagnose this patient as suffering from PCNSL not MS. Moreover, treatment with steroid often blurs the lesions in contrast-enhanced MRI.

Primary central nervous system lymphoma demonstrated high FDG uptake and can be diagnosed by FDG-PET with high sensitivity.[@ref10] In contrast, the patient in this study showed low FDG uptake. Kawai et al[@ref4] conducted a study to examine the usefulness of PET examinations with FDG and MET in the diagnosis of PCNSL patients with atypical MRI, by comparing their PET results with those from PCNSL patients with typical MRI. Positron emission tomography with FDG and MET can measure the glucose and amino acid metabolism in lesions and may provide useful information to diagnose PCNSL in patients with more subtle MRI results. However, visual analysis of FDG and MET uptake in atypical PCNSL was not useful to find lesions in the brain. Furthermore, semi-quantitative and quantitative uptake values obtained from lesions with atypical MRI results were not useful for differentiating PCNSL from other tumorous and non-tumorous diseases. The data we obtained from PET were consistent with previous studies.[@ref10] We should consider cumulative dose of corticosteroid, because accumulation of corticosteroid before a PET scan could influenced FDG uptake.[@ref11]

In conclusion, PCNSL must be considered even when nonenhancing, diffuse lesions are seen on MRI. Primary central nervous system lymphoma is hard to diagnose since PCNSL mimics MS both clinically and radiologically. In some cases, PET should be carried out more than once, and brain biopsy could be performed when PCNSL is strongly suspected.
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